Femoral neck axis plotting is of great significance in measuring parameters that define femoral head-neck junction sphericity in the group of patients with the femoroacetabular impingement. Literature methods of femoral neck axis determination have weaknesses associated with the risk of obtaining inaccurate values of certain parameters. Objective Method of plotting of the femoral neck axis by two parallel lines that belong to the medial quarter of the femoral neck is proposed. Method was tested on the anatomic specimens and the respective radiograms. Methods A total of 31 anatomic specimens of the proximal femur and respective radiographs were used, on which three axes of the femoral neck were plotted; accordingly, alpha angle value was determined and tested with corresponding parametric tests, with the measurement error of less than 5% and the strength of the applied tests of 80%. Results Alpha angle values obtained by plotting femoral neck axis using the literature and methods we have proposed were not significantly different in our series, and, in more than a half of the specimens, the two axes overlapped each other. Conclusion The advantage of the proposed method does not depend on the position of the femoral head rotation center in relation to the femoral neck, which favors proposed method for measuring the angles of femoral head sphericity in patients with the femoral head translation. Disadvantage of the study is a small sample size for valid conclusions about the applicability of this method in clinical practice.
INTRODUCTION
Osteoarthritis of the hip was classified as secondary (congenital or developmental disease of the hip) or primary [1] [2] [3] [4] [5] [6] [7] . The concept of femoroacetabular impingement (FAI), created by Ganza et al. [5, 6] , has contributed to a better understanding of etiology of hip osteoarthritis where the small bone changes of the hip, with FAI mechanism, cause damages of the hip soft tissue structures indicated as early signs of osteoarthritis [8] [9] [10] [11] [12] [13] [14] . Several diagnostic tools for measuring changes in the acetabulum and proximal femur in patients with FAI have been described, such as an offset index of the femoral head and neck, alpha angle and triangular index [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . The baseline for all of them is a femoral neck axis determination, as a line that connects the center of the femoral head rotation with the middle of the line that connects the narrowest portion of the femoral neck.
Murray [3] determined the femoral neck axis on anteroposterior radiograms of the hips, plotting the line that connects the middle of the line of the narrowest part of femoral neck and the middle of the line that connects superolateral edge of the tip of the greater trochanter with the lesser trochanter. He used this method to determine the level of translation of the femoral head in relation to the femoral neck axis, considering that the femoral head translation ("tilt deformity") was a cause of hip osteoarthritis. Goodman et al. [19] plotted femoral neck axis on the cadaveric proximal femur specimens and respective radiograms, without specifying the method of plotting, and also pointed that the translatory displacement of femoral head deviated the center of the femoral head rotation from the femoral neck axis. The most commonly used and widely accepted method for femoral neck axis determination [20] assumes that the line joining the center of the femoral head rotation and the narrowest part of the femoral neck is the neck axis ( Figure  1a ). Alpha angle, offset index and triangular index were measured on this line in patients with cam and mixed form of FAI [10, 14, [19] [20] [21] [22] [23] [24] [25] [26] [27] . We think that plotted femoral neck axis in femoral head translational pathology is not the same as it would have been if the femoral head had not been translated (Figure 2 ). Therefore, we believe that the weakness of these literature methods in determining the femoral neck axis is that the axis of the femoral neck is deter-mined on the basis of two points, one point at the site of the femoral neck and the second one at the center of the femoral head rotation or intertrochanteric line.
Using the anatomical specimens of the upper femur, two separated parts on the anterior side of the femoral neck were observed: an irregular parallelogram-shaped inner quarter of the femoral neck, directly related to the femoral head, and an irregular trapezoid-shaped, outer three-quarters of the femoral neck, which ends with its base at the trochanteric massif ( Figure 3 ). On these two parts of the femoral neck, two different axes of the femoral neck can be plotted (Figure 2 ).
Our query was whether plotted femoral neck axis were identical, and whether they could be used in clinical practice as a femoral neck axis, then which plotting was not dependent on the position of the center of the femoral head rotation, and whether there was a match of these axes, with the most frequently used method of femoral neck axis determination.
Our hypothesis was that all plotted femoral neck axes and determined values of alpha angle and offset index were matched. Determining the axis of the femoral neck by methods that are commonly used in the literature (line l), which is in these pictures matched with determination of the femoral neck axis we propose in this paper, line p (l = p). Determination of the angle alpha (alpha-l = alpha -p) by the method which was adopted in the literature as the "gold standard", known as a method of Nötzly (explanation given in the text). 
OBJECTIVE
The aim was to present two methods of determining true femoral neck axes, which do not depend on the position of the center of the femoral head rotation, and the angle alpha values obtained by these two methods compared with the values of literature methods.
METHODS
The study used 50 cadaveric specimens of the femur obtained from the Institute of Anatomy of the Faculty of Medicine in Nis: 20 right and 30 left specimens. Two of them were immediately excluded because of the mechanical damage. Digital photos were taken for the proximal femur, and other specimens were in the anteroposterior position with the internal rotation of 15-20° to correct the femoral anteversion. All these specimens were radiographed in the same positions, and all images were digitized and processed by the computer program Corel Draw 12 for Windows. Digital images were used to determine the upper and lower offset of the femoral neck and head to obtain the value of offset indexes [10, 15, 22] . Pathological values of offset index were found in 17 specimens (lower than 0.80 and higher than 1.20), and they were excluded from the study, too. The remaining 31 specimens, with the spherical femoral head-neck junction and normal range of offset indexes, were used in the study: 18 and 13 were left and right, respectively. Sample size was determined by the method of Lehr [28] : at least 25 specimens were needed to avoid type II error of study. The following parameters were plotted and measured on each digitized image: 1. Literature "gold standard" method of femoral neck axis was marked with the letter l (Figure 1 ). At the narrowest part of the femoral neck, line AB that connects the upper and lower edge of the femoral neck has been plotted. The middle point M on that line has been inscribed and used in all three methods of the femoral neck axis determination. Using the Mose concentric circle [29] , the center of the femoral head rotation O has been defined and connected with the point M, to get the femoral neck axis.
2. The second femoral neck axis, p, was plotted to the inner quarter of the femoral neck (Figures 2 and 3) . Second line, CD, was plotted parallel to the plotted line AB, going to the femoral head at a distance of at least 3 mm or more. The axis of the inner femoral neck quarters was obtained merging the middle of CD line with the point M of the line AB.
3. The third axis of the lateral three-quarters of the femoral neck was marked with the letter t ( Figure 2 ). Line EF parallel to the intertrochanteric line was used to connect the most lateral point of the upper edge of the femoral neck (point E) and the bottom of it (point F). The middle of the line EF was merged with the point M of the line AB to plot the third line of the femoral neck axis.
4. The angles lMp, lMt and pMt were measured at point M in all cases of l, p, t axis discrepancy (Figure 2 ). 5. Angle alpha was determined by method proposed from Nötzly [14] , who measured this angle on MRI images. One arm of the angle was femoral neck axis (l, p or t), and another arm was the line that merges the femoral head rotation center and the point at the intersection of the femoral head circumference with the upper edge of the femoral neck. Values of the angle alpha were marked as angle alpha-l, alpha-p and alpha-t, depending on the plotted axis on the femoral neck where the angle alpha was measured.
6. Femoral head-neck offset indexes were determined by methods defined in the literature [10, 15, 22] , where normal range is 0.80 up to 1.20 (Figure 1b) .
7. The length of the lines AB and CD was measured on the anatomic specimens and their radiographs, and the resulting values of these lines were divided by the measured value of the femoral head radius. Measurement errors were avoided by obtaining the index values of the lines AB and CD.
Normality of distribution of the parametric data was checked using the Kolmogorov-Smirnov test. Analysis of variance was used for intergroup variation of data, and between group data variation was checked by Fischer's least significant difference. Paired two-way t-test was used to test the significance difference of arithmetic means. The strength of correlation and percentage data interconnectivity were measured by Pearson's linear correlation coefficient and the coefficient of determination. Strength of the statistical tests was set at 80% with possible beta error of 0.20, and the level of significance of the test with a margin of error in the conclusion of less than 5%, so that the null hypothesis was rejected if p<0.05. All obtained data were analyzed by the computer program for statistical data analysis, SPSS 8 for Windows. (Figure 3) , whose middle points built femoral neck axis (line p), were not significantly different (p=0.055), with high degree of correlation, P=0.861, which means that as much as 74% of indices were closely related to each other.
RESULTS

Indices of lines AB and CD
Offset indices measured along the lines l and p on the anatomic specimens did not differ, p=0.862 (95% CI= 0.603 to 1.283 of) with low degree of correlation, P=0.458. Radiographs of the anatomical specimens showed similar results, p=0.395 (95% CI=0.705 to 1.172). There were no significant intergroup and intragroup differences of the offset index values, measured along the line-l and p, on specimens and respective radiographs.
Plotted lines l and p were matched (p=l) in 16 (51.6%) specimens, line l was matched with the line t (t=l) in only two specimens (6.45%), while all three axes were matched (l=p=t) in 3 specimens (9.7%). In 9 specimens (29%), line p went beyond the center of the femoral head rotation, forming the angle pMl of 2.2° (range: 1-5°) with line l. In 4 specimens, line t went beyond the center of the femoral head rotation forming the angle tMl of 7.4° (3-14°) with line l, and in 23 specimens (74.2%), line t went below the center of the femoral head rotation at an angle tMl of 6.7° (3-16°) to the line l. On the radiographs of the specimens, line p and l were matched in 12 (39%) radiographs (p=l), and in one case, all three axes (l=p=t) were matched. On 12 (39%) radiographs, line p went beyond the center of the femoral head rotation at an angle pMl of 1.8° (1-4°) to the line l, and on two radiographs, line p went below the center of the femoral head rotation forming the angle pMl of 2° with the line l. On 25 radiographs (80.6 %), line t went below the center of the femoral head rotation at an angle lMt of 8.26° (2-19°) to the line l. On 26 (83.9%) radiographs, line t went below the line p forming the angle pMt of 8.30° (2-20°) .
All values of alpha angle were normally distributed (Table 1), and we grouped them in three groups: the first one consisted of alpha angle values obtained from digital recordings of anatomical specimens, the second one consisted of alpha angle values obtained from radiographic images and the third group consisted of alpha-l and alpha-p angle values from the anatomical specimens and their radiographic images. One-way analysis of variance for the first and second group of values of the angle alpha demonstrated significant inter-group data variation, and Fischer's least significant difference test showed that the value of angle alpha-t significantly differed from the values of angles alpha-l and alpha-p of the specimens and respective radiograms. Testing of the angles alpha-l and alpha-p in the third group of data also showed significant intergroup variation of the alpha-p angle values measured on specimens in relation to the radiographic values of angle alpha-l and alpha-p. Mean values of the angles alpha-l and alpha-p on specimens and their radiographs were not significantly different and varied within the literature value range [14, 21, 22] (Table 2) . Conversely, the values of alpha-t angle significantly differed from the values of alpha-l and alpha-p angles, on specimens and their radiographs. The alpha-l and alpha-p angle values of specimens were not significantly different (p=0.111, 95% CI=37.88-54.64° for the angle alpha-l and 36.97-56.57° for the angle alpha-p) with high degree of correlation, r=0.938 (p=0.001) and 88% of matched values (Table 2 ). Due to the absence of significant difference between the angles alpha-l and alpha-p on specimens and their radiographs, post-hoc statistical test power analysis was carried out and statistical sample size was evaluated. The power test for 31 specimens and respective radiographs was far below pre-study defined value (P=43%), what meant that 532 specimens and 532 radiographic images of the same measurements had to be taken for valid statistical inference. This explains why significant intra-group differences and the absence of significant correlation between the measured values of angles alpha-l and alpha-p on specimens and respective radiograms were herein achieved.
DISCUSSION
The concept of hip osteoarthritis developing through the FAI mechanism has been attracting attention of orthopedists more than 20 years [7, 10, 14] . There are conflicting opinions about the femoral head translation in the adolescence, as one of the etiological factors [9, 11, 12, [21] [22] [23] [24] [25] [26] 30] because of the lack of so called "gold standard" in determination of the femoral neck axis, plotted in the same manner in patients with objective finding of femoral head translation and without it. Kol.-Smir. -Kolmogorov-Smirnov nonparametric test for assessing the normality of data distribution; X --mean value; SD -standard deviation; SEx -standard error of mean; CI SEX (95%) -confidence interval of the mean at the probability level of 95% Murray's [3] proposal of femoral neck axis plotting has not been not widely accepted due to the inconsistency of method, i.e. applicability in the anteroposterior radiographs of the hips only, difficulty in determining the most superior point of the greater trochanter, thereby losing precision of the method, and one of the points used for femoral neck axis plotting does not belong to the femoral neck but intertrochanteric line. Goodman et al. [19] did not describe the plotting method of the femoral neck axis and Southwick [23] wisely avoided plotting of the femoral neck axis in measuring the femoral head epiphysis slip in adolescents, because his method is hardly applicable in closed growth zone of the femoral head in adults. The most common used method reported in literature connects the center of the narrowest part of the femoral neck with the center of the femoral head rotation, losing precision in determination of the diagnostic parameters in pathological conditions such as translation of the femoral head [9, 10, 11, 17, 20, 25, 26] . Method for determining femoral neck axis with two almost equal and parallel lines on the medial quarter of the femoral neck has been proven to be a possible method of choice because it is compatible with the method in literature; in addition, the angle alpha values, obtained by this method, are not significantly different from the values reported in literature. Plotting the femoral neck axis, by this method, does not depend on the position of the center of the femoral head rotation [14, 26, 27] . Disadvantage of this method is that the plotted line does not represent the axis of the entire femoral neck, but its inner quarters where the femur head is situated, in the zone in which clinically important pathological processes occur: femoral head translation and cam deformity in patients with FAI. However, the main disadvantage is statistically small sample size (only 31 specimens and their radiographs compared with 532 required in post hoc analysis), with consequent low statistical power and low validity of statistical conclusions about the applicability of this method in clinical practice.
CONCLUSION
Our attempt to use femoral neck axis of the lateral three quarters of the neck showed that this axis was situated, in most of the specimens, out of the femoral head rotation center, with significant difference of alpha-t angle from the literature values; in our opinion, this was the reason why the plotting of the femoral neck axis on the line t had no practical significance. The drawback of this study, as a whole, is proposing the method of plotting the femoral neck axis only in the anteroposterior plane. We have not found any published paper studying the validity of any methods of determining the femoral neck axis on the femoral specimens and respective radiograms.
Proposed method of femoral neck axis plotting, presented in this paper, is a good method with its advantages and disadvantages presented herein. This method should not be excluded a priori as an imprecise technique, but accepted as a method that require further verification on the anatomical specimens and respective radiograms, as well as on the clinical material, and with sufficient number of samples for valid statistical inference.
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